The purpose of this study was to evaluate the effect of repeated tramadol drug administration on some biochemical and immunological parameters in rats. One hundred male albino rats were divided into three main groups. Group I (control): contains twenty rats administered saline solution. Group II (therapeutic dose group): forty rats received a daily oral dose of tramadol Hcl suspended in saline solution equal to 22.5 mg/kg/day for nine weeks. Ten rats of second group were left two weeks more without any additional treatment as a recovery period. Group III (over dose group): forty rats received oral dose of tramadol Hcl suspended in saline solution at doses of 30, 60 and 90 mg/kg/day on the first, second and third three weeks of the study, respectively for nine weeks. Ten rats of third group were left for two weeks more without any additional treatment as a recovery period. The obtained results showed significant increase in serum marker (Urea, creatinine, sialic acid, TNF-α and IL-1β) levels, and brain tissue (NF-KB and MPO) levels in both tramadol therapeutic and overdose groups towards its normal ranges. However, brain tissue antioxidant parameters (GPX and GSH) levels and liver tissue marker cyp2E1were markedly decreased. These results showed that, chronic tramadol administration induced kidney dysfunction, brain injury, oxidative and inflammatory stress in rats as well as degenerating endogenous antioxidant defense system mechanisms. These findings are of importance to be considered in the patients who use tramadol as a pain killer especially in the long term condition.
INTRODUCTION
Addiction is an increasing social and health problem worldwide despite all efforts to prevent and control it. Analgesics are among the most popular drugs which are being abused (Rafati et al., 2006) . The abuse liability of naturally occurring opiates (e.g., morphine, codeine) and synthetic opioids (e.g. Tramadol, heroin, oxycodone, and buprenorphine) are well known (Moratti et al., 2010) and (Meyer et al., 2014) . Tramadol is a centrally acting opioid analgesic which is mainly used for the treatment of moderate to severe pain (Nossaman et al., 2010) . It has a dosedependent analgesic efficacy that lies between that of codeine and morphine, with a parenteral potency comparable to that of pethidine, i.e; about 10-20 % of the standard morphine (Wilder-Smith et al., 1999; Pang et al., 2003) . Tramadol has dual mode of action. Its analgesic efficacy is attributed to its partial affinity for the mu-opiate receptor and its inhibition of norepinephrine and serotonin reuptake (Shadnia et al., 2008) . The central role of liver and kidney in drug metabolism predisposes them to toxic injury. Tramadol in the liver is converted to O-desmethyl-tramadol by cytochrome P 450 which itself is an active substance and is two to four times more potent than Further, biotransformation results in inactive metabolites, which are excreted through kidneys (Dickman, 2007) . Persistent tramadol administration might lead to the accumulation of toxic metabolites in the body, increase the risk for its toxic kinetics effects and/or lower the clearance of tramadol, thus increasing its potential for toxicity (Shadnia et al., 2008) . The most frequent adverse effects of tramadol hydrochloride include constipation, dizziness, nausea, somnolence, headache and vomiting (Stitik et al., 2006) . The other dosage toxicity symptoms include central nervous system and respiratory depression LethargyComa, cardiac arrest and death (Feldmann, 2006) . Neurotoxicity of tramadol has been reported in patients receiving tramadol both at the recommended dosage and the high dosage ranges in animal and human studies (Bekjarovski et al., 2012) . The neurotoxicity of tramadol commonly manifests as generalized tonic-clonic seizures. Chronic use of tramadol in increasing doses causes neuronal degeneration in the rat brain, which probably contributes to cerebral dysfunction (Atici et al., 2005) . Tramadol also alters brain neurotransmitter levels (Bloms-Funke et al., 2011) . Long-term administration of tramadol for management of pain, as well as its use as an acceptable alternative in persons with drug-seeking behavior is controversial (Drugs and Therapy Bulletin, 2002) . Also, long-term effects of tramadol at cellular level, are not clearly understood (Atici, et al., 2005) . This study was designed to investigate deleterious effect of tramadol administration in adult male rats through investigation of renal functions, biomarkers of oxidative DNA damage, oxidative and inflammatory stress and enzymatic antioxidant status.
MATERIAL AND METHODS

Experimental animals
One hundred white male albino rats of weighing 180 -200 g were used in this study. Rats were housed in separated metal cages and kept at constant environmental and nutritional conditions throughout the period of experiment. The rats were fed on constant ration and fresh, clean drinking water was supplied ad-labium. All rats were acclimatized for minimum period of two weeks prior to the beginning of study.
Drug
Tamol ® (Tramadol HCl), 225 mg tablets, will be obtained from Alkan-pharm, Egypt.
Experimental design
After acclimatization to the laboratory conditions, rats were randomly divided into three groups placed in individual cages and classified as follow: Group I (control normal group): Twenty normal non-medicated rats served as control for all experimental groups received oral doses of saline solution for nine weeks. Group II (Therapeutic dose group): forty Rats in group II received a daily oral dose of tramadol Hcl suspended in saline solution equal to 22.5 mg/kg/day for nine weeks. Ten rats were left two weeks more without any additional treatment as a recovery period. Group III (Over dose group): forty rats in group III received oral dose of tramadol Hcl suspended in saline solution at doses of 30, 60 and 90 mg/kg/day on the first, second and third three weeks of the study, respectively. Ten rats were left two weeks more without any additional treatment as a recovery period.
Sampling
Blood samples
About 2 ml of blood samples were collected by ocular vein puncture from rats in all groups after nine and eleven weeks (for recovery period) from the onset of the experiment in dry, clean tubes and allowed to clot for30 minutes and serum was separated by centrifugation at 3000 r.p.m for 15 minute. All sera were analyzed for determination of the following parameters: urea, creatinine, sialic acid, interleukin-1β (IL-1β) and tumor necrosis factor-alpha (TNF-α)
Tissue samples (brain and liver)
a-brain tissue for biochemical analysis:
About 0.5 g of brain tissue specimen was taken two times after had been sacrificed at nine and eleven weeks from the onset of the experiment.
Preparation of brain tissue homogenate: Briefly, brain tissues were cut, weighed and minced into small pieces, homogenized with a glass homogenizer in 9 volume of ice-cold 0.05 mM potassium phosphate buffer (pH 7.4) to make 10 % homogenates.
Then the resultant supernatant was used for the determination of the following parameters: nuclear factor kappa B (NF-kB), myeloperoxidase (MPO), glutathione peroxidase (GPX), reduced glutathione, (GSH) in brain tissue.
b-Liver tissue for molecular analysis:
After finishing blood samples, rats of each group were sacrificed and the abdomen was opened carefully and the liver was quickly removed, and the liver samples were sacrificed using highly sterilized scissors (180°Cfor 6 hours) to avoid RNA degradation by RNases and latex gloves wearied to minimize RNase contamination. All liver samples were used for determination of gene expression of Cytochrome P450 2E1 (CYP2E1).
Biochemical analysis
Serum urea, creatinine, sialic acid, interleukin-1β (IL-1β) tumor necrosis factor-alpha (TNF-α) were determined according to the method described by Kaplan et al., (2003 ), Tietz, (1995 Gross et al. (1967) , Moron et al. (1979) , gene expression of CYP 450 2E1 in rat liver tissue was determined according to the method described by (Meadus 2003) .
Statistical analysis
The results were expressed as mean ± SE and statistical significance was evaluated by one-way ANOVA using (SPSS IBM 1983, version10 . New York, NY, USA: IBM Incorporation) program followed by the post hoc test, least significant difference (LSD). Values were considered statistically significant when P<0.05.
RESULTS
The obtained results demonstrated in (Table 1) exhibited that, after 9 weeks of tramadol exposure there was a significant increase in serum urea concentration in both tramadol therapeutic and overdose groups when compared with normal control group, while there was a significant decrease in brain tissue GPX and GSH concentrations in both tramadol therapeutic and overdose groups when compared with normal control group. On the other hand there was a non-significant increase in creatinine concentration in the therapeutic dose group when compared with the normal control group.After 2 weeks without any additional treatment as a recovery period there was a non significant decrease in serum creatinine concentration in both tramadol withdrawal therapeutic dose and tramadol withdrawal overdose groups when compared with therapeutic dose and overdose groups respectively, while there was a significant decrease in serum creatinine concentration in tramadol withdrawal therapeutic dose group when compared with therapeutic dose group. On the other hand there was a significant increase in brain tissue GSH concentration in both tramadol withdrawal therapeutic and withdrawal overdose groups when compared with therapeutic and overdose groups respectively. While there was a non significant increase in brain tissue GPX concentration in both tramadol withdrawal therapeutic and withdrawal overdose groups when compared with therapeutic and overdose groups respectively. The obtained results demonstrated in (Table 2 ) exhibited that, after 9 weeks of tramadol exposure there was a significant increase in serum sialic acid, IL-1β and TNF-α concentrations accompanied with significant increase in brain tissue NF-kB, MPO concentrations in both tramadol therapeutic and overdose groups when compared with normal control group, while there was a non-significant increase in sialic acid, TNF-α, NF-kB and MPO concentrations in the therapeutic dose group when compared with the normal control group. After 2 weeks without any additional treatment as a recovery period there was a non significant decrease in serum sialic acid and TNF-α concentrations accompanied with non significant decrease in brain tissue NF-kB and MPO concentrations in both tramadol withdrawal therapeutic dose and tramadol withdrawal overdose groups when compared with therapeutic dose and overdose groups respectively, while there was a significant decrease in serum and sialic acid concentration in tramadol withdrawal therapeutic dose group when compared with therapeutic dose group, also a significant decrease in serum IL-1β concentration in both tramadol withdrawal therapeutic group and tramadol withdrawal over dose group when compared with therapeutic group and over dose group respectively. The obtained results demonstrated in (Table 2) exhibited that, after 9 weeks of tramadol exposure there was a significant decrease in brain tissue cyp 450 2E1 levels in both tramadol therapeutic and overdose groups when compared with normal control group. After 2 weeks without any additional treatment as a recovery period there was a significant increase in cyp 450 2E1 levels in both tramadol withdrawal therapeutic and withdrawal overdose groups when compared with therapeutic and overdose groups respectively. 
DISCUSSION
The obtained results showed that, after 9 weeks of tramadol exposure there was a significant increase in serum urea concentration in both tramadol therapeutic and overdose groups when compared with normal control group, while there was a non-significant increase in creatinine concentration both tramadol therapeutic and overdose groups when compared with normal control group. These results came in accordance with the recorded data of Atici et al., (2005) who reported that, Serum urea nitrogen concentration and creatinine levels were significantly higher in tramadol rats group compared to the control group. Also, Elwy and Tabl, (2014) revealed that, administration of tramadol for one month induced significant increase in serum urea and creatinine concentrations as compared to control rats. Moreover, Hafez et al., (2015) recorded that, serum blood urea nitrogen concentration increased significantly in tramadol exposure rats when compared with normal group indicating toxicity induced by tramadol administration was detected while there was no significant difference detected in serum creatinine. Furthermore, Youssef and Zidan (2016) demonstrated that, serum urea and creatinine concentrations were highly significant increase in tramadol treated rats group when compared with normal group. Urea is the principal end product of protein catabolism an accelerated amino acid deamination for gluconeogenesis is probably an acceptable postulate to interpret the increased level of urea. The increment in blood urea might be also due to the destruction of RBCs during the treatment. The presence of some toxic compounds might increase blood urea (Kabel and Van Puijenbroek, 2005) . In the present investigation, the recorded data indicated increases in both urea and creatinine levels in rats received tramadol. This could be considered as an evidence of renal damage, arise in blood damaging of nephrons function and impaired renal function (Aldalou et al., 2014) . On the other hand, tramadol withdrawal of therapeutic dose and overdose in male rats causes a significant decrease in serum urea and creatinin concentrations when compared with therapeutic dose and overdose groups. These results may be indicated the improvement of kidney function and returned renal filtration to normal case. The obtained results revealed that, there was a significant increase in serum sialic acid concentrations were significantly increased in tramadol overdose group while there was a nonsignificant increase in the therapeutic dose group when compared with the normal control group. Meanwhile, a significant decrease in serum sialic acid concentrations was observed in tramadol withdrawal therapeutic dose group when compared with therapeutic dose while there was a non-significant decrease in withdrawal overdose group when compared with overdose group. Sialic acid (SA) is the generic term given to a family of acetylated derivatives of neuraminic acid which occur mainly at terminal positions of glycoprotein and glycolipid oligosaccharide side-chains. Several biological functions have been suggested for SA, such as stabilizing the conformation of glycoproteins and cellular membranes, assisting in cell-cell recognition and interaction, contributing to membrane transport, providing binding sites for ligands for the membrane receptor functions, and affecting the function, stability and survival of glycoproteins in blood circulation (Sumangala et al., 1998) . The increase of SA concentration in tramadol treated rats may be due to defense mechanisms of the body as a result of damage to the liver and brain tissue. Sialic acids are known to exist in animals and occupy the terminal position of many glycoproteins. An earlier study suggested that OH -reacted with a wide range of sugars including mannitol, fructose, galactose and sialic acid (Anbar and Neta, 1967) . Also, Eguchi et al., (2005) indicated that, the glycosidic linkage of sialic acid is a potential target for superoxide and other related ROS. Furthermore, Ogasawara et al., (2007) recorded that, mucin acts as a sacrificial scavenger for ( -OH) and its protective function is exerted by the direct reaction with its sialic acids.
The recorded data revealed that, there was a significant increase in serum IL-1B, TNF-α and brain tissue NF-KB concentrations in tramadol therapeutic and overdose groups while there was a nonsignificant increase in serum TNF-α and brain tissue NF-KB concentrations in the therapeutic dose group compared with the normal control group. These results are nearly similar to those recorded by Elwy and Tabl, (2014) who revealed that, administration of tramadol for 30 days induced non-significant increase in serum IL-1B concentration as compared to control rats. In these days, tramadol are becoming increasingly popular in postoperative patient controlled analgesia. Their immuno-modulatory effects are still unclear. Nuclear factor kappa B is an important transcription factor, which transactivates hundreds of immune-related genes and has been named the "central mediator of immune response" (Pahl, 1999) . Nuclear factor kappa B is an important transcription factor, which transactivates hundreds of immune-related genes and has been named the "central mediator of immune response" (Pahl, 1999) . Many authors reported an enhancing effect of tramadol on the immune activity, both in vitro and in vivo. For example, after subcutaneous administration of tramadol significantly enhanced nature killer activity, IL-2 production and splenocyte proliferation in mice (Sacerdote et al., 1997) . In postoperative patients who were given tramadol analgesia after abdominal surgery, the nature killer cell activity was also enhanced (Sacerdote et al., 2000) . Many research groups focused on the effects of different medicines on NF-kB with its signaling pathway so as to evaluate the immunological effect of the drugs (Yamamoto and Gaynor, 2001 ). Tumor necrosis factor-alpha is considered to be one of the principal mediators in proinflammatory processes that involve necrosis, apoptosis and proliferation (DeLeo et al., 2000; Kawasaki et al., 2008) . It is produced essentially by macrophages and T-lymphocytes in response to damaged or stressed tissue, and it may therefore serve as a systemic marker for tissue injury. For instance, complications found in inflammatory and autoimmune diseases are often accompanied by increased serum levels. In case of increased levels, a systemic inflammatory reaction leading to septic shock might occur. However, if TNF-α is present in low quantities it would generate a process responsible for local inflammatory symptoms, depending on the damaged structure (Li et al., (2009); Lindenlaub and Sommer, (2003) ; Liu et al., (2002) ). The interleukin-1 beta and TNF-α are major pro-inflammatory cytokines, playing important role in production of acute inflammation (Konturek et al., 2000) . This acute inflammation is accompanied by neutrophils infiltration. Neutrophils produce superoxide radical anion (O2 •-), which belongs to group of ROS (Brzozowski et al., 2001) . ROS at relatively low concentrations can modulate inflammation via activation of NF-kB pathway (Hayden and Ghosh, 2011) . Also, Dey and Cederbaum, (2006) reported that, the free radicals activate NF-kB, leading to an increase in production of TNF-α followed eventually by tissue damage. Tramadol withdrawal of therapeutic dose and overdose in male rats causes a significant decrease in serum IL-1B while a non-significant decrease in serum TNF-α and brain tissue NF-KB concentrations compared with therapeutic dose and overdose groups. The effects of tramadol and tramadol withdrawal on inflammatory cytokines need further investigation. The effects of tramadol abuse and tramadol recovery on inflammatory cytokines need further investigation. The recorded data of present study showed a significant increase in brain tissue MPO activity in tramadol overdose group while there was a nonsignificant increase in the therapeutic dose group when compared with the normal control group. Myeloperoxidase is an essential enzyme for normal neutrophil function, released into extracellular fluid as a response to various stimulatory substances. These results are nearly similar to those recorded by Aldiwan et al., (2015) who reported that, the total leukocyte counts were significantly elevated in 50 mg and 100 mg/kg body weight tramadol treated groups. Also, Tsai and Won, (2001) showed that, tramadol administration causes an increase in number of lymphocytes in rats. Furthermore, Elyas and Osman, (2017) demonstrated that, tramadol abuse in individual causes elevated in white blood cell count. Myeloperoxidase activity is considered as an index for the evaluation of neutrophil infiltration. In the present study, the elevated activity of MPO in the brain tissue indicates oxidative injury induced by tramadol involves the contribution of neutrophil accumulation. Neutrophil enzyme MPO catalyzes formation of potent cytotoxic oxidants such as HOCl from H 2 O 2 and chloride ions and Nchloramines. Excessive production of MPO-derived oxidants has been linked to tissue damage in many diseases, especially those characterized by acute or chronic inflammation. The oxidants play a direct role in the inflammatory process in chronic inflammatory processes by increasing the number of neutrophils and macrophages that induce a self-sustaining loop (Shiratora et al., (1989) ; van der Veen et al., (2009)). Tramadol withdrawal of therapeutic dose and overdose in male rats causes a non-significant decrease in brain tissue MPO activity when compared with therapeutic dose and overdose groups. Tramadol withdrawal may be prevented the accumulation of neutrophils in the brain tissues, thus dampening the toxic effects of ROMs released from these cells. The present study supported that tramadol recovery could also facilitate the healing process of brain and liver inflammation by limiting the injury caused by activated neutrophils and the resultant release of ROS. The results obtained in present study showed that a significant decrease in brain tissue GPX activity and GSH concentration in both tramadol therapeutic and overdose groups compared with the normal control group. These results came in accordance with the recorded data of Elwy and Tabl, (2014) who reported that, administration of tramadol for 30 days induced significant decrease in hepatic tissue SOD, CAT activities and GSH concentration as compared to control rats. Also, Nada et al., (2014) showed that, administration of tramadol for 30 days resulted in significantly decrease in GSH level compared to control group rats. Glutathione is an enzyme which prevents the generation of hydrogen peroxide and alkyl hydro peroxides in association with GSH and GSH reductase, as well as the generation of more harmful metabolites such as the hydroxyl radical (Parodi, 2007) . In the present study, the significant decrease in brain GSH content and GPX activity which paralleled with an increase in MDA level may be attributed to the enhanced lipid peroxidation leading to tissue damage and failure of antioxidant defense mechanism. This assumption is supported by the work of Abdel-Zaher et al.,
who reported that, administration of tramadol to normal mice resulted in depletion of GPX and subsequent potentiating of lipid peroxidation in kidney cortical slices resulting in inhibition of protein synthesis, and mitochondrial damage. Similarly, Pan et al., (2008) recorded that, a significant increase in the MDA level and a decrease in the GPX level in tramadol-treated group when compared to the control. It was reported that MDA is widely accepted as a sensitive biomarker of lipid peroxidation. It is considered a useful measure of oxidative stress status. Also, GPX enzymes were found to contain a transition metal as a cofactor. The interaction of tramadol with metals of these enzymes may explain the observed inhibition in the activities of these enzymes (Ismail et al., 2010) . A nonsignificant increase in brain tissue GPX activity and GSH concentration were observed in tramadol withdrawal therapeutic dose and overdose groups when compared with therapeutic dose and overdose groups. These results may be similar to the recorded data of Elwy and Tabl, (2014) who reported that, stopping of tramadol for 30 days causes significant increase in hepatic tissue SOD, CAT activities and GSH concentration as compared to control rats. A significant down regulation of Cyp2E1 gene expression level in liver tissue was observed in tramadol therapeutic and overdose groups when compared with normal control group. The role of the liver in detoxification and drug metabolism has previously been identified. This function increases the risk of these organs to toxic injuries, thus, all drugs been associated with hepatotoxicity following the essential role of the liver in drug metabolism (Abdelraouf et al., 2015) . The main metabolic pathway of N-and Odemethylation and conjugation of Odemethylated compounds have been previously described. Eleven metabolites have been identified, five from phase I (M1 to M5) and six from phase II (glucuronides and sulfates of M1, M4 and M5) reactions. Tramadol is also rapidly metabolized in animals than in man (Lintz et al., 1981) .The enzyme P450 (CYP) 2D6 has been suggested to be responsible for catalyzing O-demethylation of tramadol to M1 metabolite as a result of the inhibition by quinidine (selective CYP2D6 inhibitor) (Subrahanyan et al., 2001) . The enzyme P450 (CYP) 2D6 has been suggested to be responsible for catalyzing O-demethylation of tramadol to M1 metabolite as a result of the inhibition by quinidine (selective CYP2D6 inhibitor) (Subrahanyan et al., 2001) .
Variations in tramadol biotransformation have been seen in phenotypic populations which depend on the genotype of CYP2D6 (Abdel-Rahman et al., 2002) . Who also, reported that, CYP2D6-mediated metabolite (M1) is to a lesser extent formed while a more pronounced production of non-CYP2D6 product (M2) is formed in subjects with one versus two functional alleles. In present study, the down regulation of Cyp2E1 gene expression may be due to the increase in serum TNF-α and NF-KB in the inflammation have been shown to alter CYP450-mediated activity (Harbrecht et al., 2005) . Also, cytochrome p450 enzymes, which are phase I enzymes that detoxify toxic compounds, have long been known to produce ROS when uncoupled, particularly H 2 O 2 and hydroxyl radicals (Imaoka et al., 2004) . Cyp2E1, Cyp2C11, and Cyp7b are all known to have NF-κB promoter elements. Cyp2E1 and Cyp2C11 are both down-regulated by pro-inflammatory cytokines (Morgan et al., (2002); AbdelRazzak et al., (2004) ). A significant up regulation in the expression level of the brain tissue CYP2E1gene was noticed in tramadol withdrawal of therapeutic dose and overdose groups compared with tramadol therapeutic dose and overdose rats groups. In the present study, this result was unclear and need more Future research to determine the effect of CYP2E1 in tramadol abuse.
CONCULSION
The present study demonstrated that, tramadol administration induced kidney dysfunction, brain injury and oxidative stress in rats as well as degenerating endogenous antioxidant defense system mechanisms. Tramadol exposure caused significant increase in serum urea, creatinine, sialic acid, interleukin-1β (IL-1β) and tumor necrosis factor-alpha (TNF-α) and brain tissue nuclear factor kappa B (NF-kB), myeloperoxidase (MPO). While, markedly decrease in brain tissue glutathione peroxidase (GPX), reduced glutathione, (GSH) also gene expression of CYP 450 2E1 in rat liver tissue both at the recommended dosage and the high dosage ranges. These findings are of importance to be considered in the patients who use tramadol as a pain killer especially in the long term condition. 
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